INTRODUCTION
Radar, since it can have a great range and does not depend • special conditions to be useful, is the most versatile means we have or'studying migratory behavior (Alerstam, 1972) . Aside from tracking radar, which is presently used to follow individual birds or sometimes compact flocks, other radar types are used to estimate the density of bird migration, provide information on the altitudes of flight, and estimate the direction of flight of bird targets.
In radar studies, birds appear as small dots or bright areas on a display screen. The images on the screen are photographed or visually described by techniques reviewed below, and estimates of the number of dots present are recorded by hand. The written record is necessarily of a statistical nature, being almost always a description of the migration of many species and subject to many uncertainties. Often the investigator turns to the use of digital computers to analyze the written record, transferring it onto punched cards or other computer media. Thus most contemporary techniques start with an electronic signal in the radar representing a bird target or targets and end with an electronic signal in a digital computer, but interpose several tedious and often subjective steps between.
In the present report we describe a way of improving this clearly unsatisfactory state of affairs, a technique that allows echoes from bird targets to be recorded directly by a computer or microprocessor, permitting the biologist to study the spatial and temporal patterns of bird movements with increased accuracy and objectivity. We review present methods of collecting ornithological data from radar displays and discuss some reasons for the unsophisticated nature of the techniques used. Then we list some methods developed by others to process radar signals automatically and describe a device we have built that allows great flexibility of operation at a reasonable cost.
METHODS

OF ESTIMATING BIRD DENSITY VISUALLY OR PHOTOGRAPHICALLY
Immense numbers of birds in the sky and our almost universal inability to distinguish with certainty between taxa of birds from their radar echoes make descriptive statistics an important part of radar studies of bird migration. A basic datum in many such studies is the number of birds in a certain altitude stratum, at a certain place, or at a certain time of day or night. Given an accurate representation of the amplitude of the signal present at the receiver of a radar and a knowledge of the calibrated characteristics of the radar, in many cases one should be able procedures are followed to compare radar and visual methods (Nisbet, 1963; Gauthreaux, 1970) , reliable absolute estimates of bird densities are not often obtained using radar alone. As a result, many studies of bird migration report only relative numbers of birds, often on an ordinal scale, or give estimates that are based on unjustified assumptions.
Some causes for this situation are inherent in properties of some types of radar: anomalous propagation (bending of the radar beam), insufficient range resolution, insufficient angular resolution due to the shape of the radar beam, and insufficient sensitivity at the ranges of interest. Other causes, however, are avoidable if quantitative information is available on the intensities of bird echoes and the characteristics of the radar.
These include: lack of absolute calibration of the radar on known spherical reflectors, lack of accurate knowledge of the shape of the radar beam or the settings and electronic characteristics of the radar, and lack of sufficient dynamic range in the radar display. We expect that the latter class of avoidable difficulties can be minimized by taking advantage of the numerical techniques afforded by direct computer input of the radar video signal. The device described here can be programmed to aid in calibrating and measuring the performance of a radar as well as in collecting data. The temporal resolution of the VSU is also sufficient for studying birds in the radar beam. As mentioned above, the VSU can generate a complete sequential scan each 64 msec. Since the maximum speed of a bird might be about 40 m/sec, the bird would move a maximum of only about 2.6 m or V3 of a range bin width, between one sweep and the next. It is only when moving the radar beam at high angular velocities that a complete sequential scan might provide insufficient data rates for detecting and locating bird targets. In this case, programming solutions to concentrate on certain areas of the beam would be easy to implement. Trials using a rotating antenna show that 2-8 recognizable blips, or "hits" are attained on single distant bird targets, even when conducting complete sequential scans while rotating the antenna at 10-20 degrees/ sec.
In practice, we have found that the digitized radar signal is nearly as useful as the actual radar video signal even for purposes of visually observing migrating birds on radar. A single complete sequential scan during a night of fall migration is shown in Figure 2 . The display is a Ground clutter is present at extremely close ranges even after the noise subtraction operation; nearby vegetation probably became more reflective at night because of dew formation. Two birds appear and disappear gradually as they fly through the vertical beam, not changing in range since they are presumably flying nearly level. The closer bird is either a much smaller target than the farther bird or is passing through the edge of the beam rather than its center.
By taking advantage of the flexibility afforded by the computer control over the VSU, it will be possible to gather completely different kinds of data than those illustrated in Figures 2 and 3 . For example, the VSU can be used with a tracking radar in a signature analysis mode to gather data on the wingbeats of bird targets and analyze them using frequencydomain techniques, without the phase lags, filtering, and nonlinearities usually inherent in data taken from automatic gain control circuits. In this mode, the computer can conduct a sequential scan of all or part of the beam, locating one or several targets of interest. It can then sample
